This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (put are not limited to): 
. BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
. FADED TEXT 

. ILLEGIBLE TEXT 

. SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please dp not report the images to the 
Image Problem Mailbox. 



J 



Europaisches Patentamt 

® /5)JJ European Patent Office © Publication number: 0 088 635 

Office europ6 ndes brevets ^2 



EUROPEAN PATENT APPLICATION 

Application number: 83301292.5 @ Int. CI. 3 : H 01 F 10/26, G 11 B 5/64 

Date of filing: 09.03.83 



© Priority: 10.03.82 JP36340/82 
11.03.82 J P 38762/82 


® 


Applicant: TORAY INDUSTRIES, INC., 2, 
Nlhonbashl-Muromachi 2-chome Chuo-ku, 
Tokyo 103 (JP) 


© Date of publication of application : 1 4.09.83 
Bulletin 83/37 


@ 


Inventor: Ono, Masaaki, 95-21, Nakakomori-cho, 
Omihachiman-shi Shiga-ken (JP) 
Inventor: Mlura, Yasukl, 10-A4-13, Sonoyama 2-chome, 
Otsu-shl Shlga-ken (JP) 

Inventor: Motegl, Masahlko, 1040-33, Nishllma-cho, 
Htkone-sh) Shlga-ken (JP) 

Inventor: Okabe, Kazuo, 740-12, Aza Wakamlya Oaza 
Hie, Chuzu-cho Shlga-ken (JP) 


@ Designated Contracting States: DEFR GB ITNL 


® 


Representative: Ellis, John Clifford Holgate et al, 
MEWBURN ELUS & CO. 2/3 Cursltor Street, London 
EC4A1BQ (GB) 



@ Laminated film and magnetic recording medium made therewith. 



M 
< 

o 

00 
CO 

o 
o 

uj 



© A laminated film for a super-high density magnetic record- 
ing medium, comprises (A) a layer 5 composed of a thermo- 
plastic resin and (B) a layer 1 of a thermoplastic resin containing 
fine particles therein. In this laminated film, the outer surface 
of the layer (A) has a surface roughness of less than 0.005 ju 
as expressed as the Ra value, and the outer surface of the layer 
(B) has a surface roughness of 0.005 to 0.040 p as expressed 
as the Ra value. The outer surface of the layer (B) has either (i) 
a plurality of depressions and a plurality of protrusions, which 
are formed thereon in a configuration such that at least one 
protrusion 3 exists within each depression 2 or at least one 
protrusion exists in the area where two or more depressions are 
contiguous to each other, or (iij protrusions on a flat plane and 
a covering layer (C) composed of a lubricant, which is formed 
on the surface of the layer (B). This covering layer (CI may be 
formed on the surface having the above-mentioned depres- 
sions 2 and protrusions 3. The covering layer (C) is a conti- 
nuous film layer or a discontinuous film layer formed of worm- 
like nodules. IVhcr, 6 feftomagnatic metdi thin film Is formed 
on the surface of the layer (A| by vacuum evaporation and a 
protective film layer is formed on this thin film, there is obtained 
a vacuum-deposited video tape excellent in the running 
property and electromagnetic transformation performances. In 
this vacuum-deposited video tape, the transfer of the surface 
configuration due to the coarseness of the running surface can 
be prevented. 
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LAMINATED FILM AND MAGNETIC RECORDING 
MEDIUM MADE THEREWITH 



BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This invention relates to a laminated thermoplastic 
film. More particularly, it relates to a base film suitable 
5 for a super high density magnetic recording medium having a 
very good running property. 

(2) Description of the Prior Art 

The increase in the recording density in the 
magnetic recording media has led to a demand for increased 

10 surface smoothness in the thermoplastic resin film used for 
the recording media. On the other hand, the need to improve 
operation adaptability at the film-forming step or the 
magnetic tape-preparing step has led to a demand for slip 
characteristics for the surface of the film, and has made 

15 the slip property of the magnetic tape * crucial. Thus, it 
is required for a thermoplastic base film suitable for a 
magnetic recording medium to have excellent smoothness and 
good slip characteristics. 

As means for satisfying these requirements, there 

20 has been adopted a method in which fine particles are 

incorporated in a starting polymeric material for formation 
of a smooth film. According to this conventional technique, 
however, improvement of one of the smoothness and slip 
characteristics results in degradation of the other. It has 

25 heretofore been impossible to improve both the properties 
simultaneously. 

A conventional magnetic recording tape is of the 
so-called coating type, prepared by coating a base film with 
a magnetic paint comprising a magnetic powder and an organic 

30 polymer binder, and the coating layer has a relatively large 
thickness, i.e., ordinarily 3 to 6 M (microns). Accordingly, 
convexities and concavities -enough to cause drastic reduction 
of the electromagnetic performances seldom occur in the 
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magnetic layer. Therefore, in a conventional base film for 
the magnetic recording medium, a method has been employed 
wherein finely divided particles are incorporated in the 
starting polymeric material or internal particles are formed 
in the starting polymeric material from the polymerization 
catalyst residue, whereby slip characteristics are imparted 
to the film. 

However, this coating type magnetic recording 
medium does not meet the recent requirements for super-high 
magnetic recording density. Accordingly, a so-called 
metallized film tape having a highly magnetic, thin metal 
surface layer formed by vacuum evaporation or sputtering 
without the use of a binder has become popular as a super 
high recording density video tape instead of the magnetic 
recording medium of the coating type. 

The thickness of the magnetic metal layer of the 
above-mentioned metallized film tape is usually 0.05 to 
0.2 y, much thinner than that in the magnetic tape of the 
coating type. Therefore, the surface configuration of the 
ba se film used is completely reproduced on the surface of 
the metallized film tape. Accordingly, if the surface 
roughness of the base film is large, the electromagnetic 
performances of the metal thin-film video tape are extremely 
reduced. In fact, even if a metal thin-film video tape 
formed from a finely divided particle-incorporated base film 
is used in a VTR (video tape recorder) , no image is 
reproduced. Namely, this tape cannot be used as a video 
tape at all. 

In view of electromagnetic performances, a base 
film having quite a smooth surface is preferred. Although a 
vacuum-deposited metal film formed on a base film having a 
smooth surface is inferior in surface slip characteristics, 
a protecting film layer formed thereon can solve the problem. 

The problem to be solved is how to improve the 
running property of the non-magnetic layer side of the mag- 
netic recording tape. - In U.S. Patent No. 4,233,352, it is 
taught that the running property is improved by forming a 
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coating layer on a smooth surface. However , it was found 
that under severe running conditions, for example, when the 
frequency of repeated use is extremely high, the running 
property and durability are inferior to those of an ordinary 
5 fine particle-containing film. Accordingly, we made 

researches with a view to eliminating this defect. We found 
that this defect can be eliminated in a laminated film having 
a smooth surface on which the magnetic recording layer is to 
be formed and having on the opposite surface a specific film 

10 layer containing fine particles having a regulated size. 

In a base film wound in the form of a roll, the 
configuration of the coarse surface is transferred to the 
contacted smooth surface to degrade the smoothness. When a 
vacuum-deposited tape is prepared by running the film on a 

^5 smooth cooling can, the front smooth surface is influenced 
by the coarse surface on the opposite side, also degrading 
the smoothness. Moreover, when the formed magnetic tape is 
wound in the form of a roll, the configuration of the coarse 
surface is transferred to the smooth surface, resulting in 

2q reduction of smoothness. 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to 
provide a laminated film suitable for a high density magnetic 
recording medium, on one surface of which a magnetic thin 

25 film can be formed, excellent in electromagnetic trans- 
formation performances, and the other surface of which is 
easily sliding and running in contact with a metal guide 
rod, and hence is excellent in durability arid not cause 
degradation of the configuration of the magnetic thin film 

30 surface due to transfer of the configuration of the running 
surface. 

Another object of the present invention is to provide a 
laminated film suitable for a high density magnetic recording 
medium, on one surface of which is very smooth and a 
35 vacuum-deposited magnetic metal thin film layer is formed 
thereon in order to obtain superior electromagnetic trans- 
formation performances and the opposite side of which has a 
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running surface excellent in the running property and 
durability, and in whose configuration is not transferred to 
the smooth surface kept in contact with the running surface 
in the wound state. 

More specifically, in accordance with -the present 
invention, there is provided a laminated film comprising (A) 
a layer composed of a thermoplastic resin and (B) a layer of 
a thermoplastic resin containing fine particles therein, 
wherein the surface roughness, expressed as the Ra value, of 
the outer surface of the layer (A) is smaller than 0.005 y , 
and the outer surface of the layer (B) is either 

i) a surface having a surface roughness, 
expressed as the Ra value, of 0.005 to 0.04 y and 
having a plurality of depressions and a plurality of 
protrusions which are formed in a configuration 
such that at least one protrusion exists within each 
depression or at least one protrusion exists in the 
area where two or more depressions are contiguous to 
each other, 

or 

ii) a surface having protrusions formed on a flat 
plane, and whose surface is covered with a layer (C) 
composed of a lubricant and having a surface roughness, 
expressed as the Ra value, of 0.005 to 0.04 y. 
In the case where the outer surface of the layer (B) is 
an ordinary protrusion type surface having protrusions 
formed on a flat plane, the other surface is covered with a 
layer (C) composed of a lubricant for improving the running 
property and durability. The outer surface of the layer (B) 
may be a surface having a plurality of depressions and a 
plurality of protrusions which are formed in a configuration 
such that at least one protrusion exists within each 
depression or at least one protrusion exists in the area 
where two or more depressions are contiguous to each other. 
Also in this case, as in case of the ordinary protrusion 
type surface, a covering layer (C) of a lubricant may be 
formed. The covering layer may be either a continuous 
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which may 

film layer/ comprise a silicone resin, a surface active 
agent, a silane coupling agent, and, optionally, a wax, or a 
discontinuous film layer formed of worm-like nodules, which may 
comprise a silicone resin, a silane coupling agent, a 
5 water-soluble high polymer, and, optionally, a wax. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a photomicrograph of protrusions which are 
formed, together with depressions, on the outer surface of 
the layer (B) of the laminated film of the present invention, 
10 obtained by using a differential interference microscope; 

Fig. 2 is a photomicrograph of an easily-slipping film 
layer formed of worm-like nodules on the outer surface of 
the layer (B) of the laminated film of the present invention, 
obtained by using a differential interference microscope; 
i5 Fig. 3A is a diagrammatic plane view of a depression 

having a protrusion therein and Fig. 3B is a diagrammatic 
cross-sectional view of the depression cut along the line 
A-A' in Fig. 3A; 

Fig. 4A is a diagrammatic plane view of a depression 
20 having protrusions therein and Fig. 4B is a diagrammatic 
cross-sectional view of the depression cut along the line 
A-A' in Fig. 4 A; 

Fig. 5A is a diagrammatic plane view of depressions 
having a protrusion in the area where the depressions are 
25 contiguous to each other and Fig. 5B is a diagrammatic 

cross-sectional view of the depressions cut along the line 
A-A 1 in Fig. 5A; 

Fig. 6 is a diagrammatic plane view of depressions 
having a protrusion in the area where the depressions are 
30 contiguous to each other; and 

Fig. 7 is a photomicrograph of the laminated film of 
the present invention in which protrusions are formed on the • 
outer surface of the layer (B) and a discontinuous film of 
worm-like nodules is formed on the protrusions, obtained by 
35 using a differential interference microscope. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

By the term, "thermoplastic resin" used in the present 
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invention are meant thermoplastic polymers such as 
polyesters, polyamides, polycarbonates and polypropylene. 
Among these polymers, polyesters are preferred because they 
are excellent in both mechanical and thermal characteristics. 
5 Any polyesters composed mainly of linear polyesters may 

be used in the present invention. As typical instances, 
there can be mentioned polyethylene terephthalate, polytetra- 
methylene terephthalate, poly-1, 4-cyclohexylenedimethylene 
terephthalate , polyethy lene-2 , 6-naphthalene dicarboxylate 

10 and polyethy lene-p-hydroxybenzoate. Of course, these 

polyesters may be either homopoly esters or copolyesters. As 
the comonomer component used for the copolyester, there can 
be mentioned, for example, diol components such as diethylene 
glycol, propylene glycol, p-xylylene glycol and 1,4- 

15 -cyclohexane dimethanol; dicarboxylic acid components such 
as adipic acid, sebacic acid, phthalic acid, isophthalic 
acid, 2 , 6 -naphthalene dicarboxylic acid and 5-sodium 
sulfoisophthalate; poly functional dicarboxylic acid 
components such as trimellitic acid and'pyromellitic acid; 

20 and p-hydroxyethoxybenzoic acid. In case of a copolyester, 
the amount of the comonomer component is controlled to no 
more than 20 mole%. 

The layer (A) composed of a thermoplastic resin is a 
layer not containing fine particles having a particle size 

25 larger than 0.5 y in the thermoplastic resin, preferably a 
layer substantially free of fine particles. The layer (B) 
of a thermoplastic resin is a layer containing fine particles. 
It is preferred that the layers (A) and (B) be monoaxially 
or more preferably biaxially oriented. 

30 The fine particles are those formed by reaction of the 

residue of a polymerization catalyst for formation of a 
thermoplastic resin with monomers or oligomers, as disclosed 
in U.S. Patent No. 4,138,386 and No. 4,067,855, for example, 
in case of a polyester resin, fine particles of a polymer- 

35 -insoluble composition formed by reaction of a catalyst 

residue containing Ca^ Si, Mn, Mg r Sb, Ge, P, Li, K, Na or 
the like with monomers or oligomers during the polyester- 
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-forming polymerization reaction, and/or inactive inorganic 
particles of aluminum oxide, silicon oxide, barium sulfate, 
and calcium carbonate, though fine particles that can be 
used in the present invention are not limited to those 
5 exemplified above. 

It is preferred that the particle size of these fine 
particles be 0.5 to 5 y, especially 1 to 3 V , and that the 
amount of the fine particles be 0.01% to 1.0% by weight, 
especially 0.02% to 0.5% by weight. 
10 The outer surface of the layer (A) of the laminated 

film of the present invention is the surface of the layer 

(A) that is not contacted with the layer (B) . This outer 
surface is so smooth that the surface roughness is less than 
0.005 V as determined as an Ra value at a cut-off value of 

15 0.25 mm according to the method of DIN 4768. 

The outer surface of the layer (B) of the laminated 
film of the present invention is the surface of the layer 

(B) that is not contacted with the layer (A) . One embodiment 
of the outer surface of the layer (B) is an ordinary 

20 protrusion type surface having protrusions formed on a flat 
plane and whose surface is covered with a layer (C) composed 
of a lubricant. 

A preferred lubricant layer is made from a combination 
of the materials which are selected from a silicone resin, a 

25 surface active agent, a silane coupling agent, and water- 
soluble polymer and wax. Each component will now be 
described. 

(a) Silicone Resin thereinafter referred to as 
"component (a) 11 ] : 
30 Component (a) has a molecular weight of 30,000 

to 300,000. As a preferred example, there can be mentioned 
a silicone resin comprising a chain represented by the 
following formula: 

ft 

35 _4-S.-0-h- n 

R 2 " 
wherein R, stands for CH. , C^H , or H, R 0 stands for 
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CH^ , ^6^5 ' H ' ° r a f unct i° na l group such as an epoxy, 
amino, or hydroxyl group, and n is an integer of 100 
to 7,000 giving the above-mentioned molecular weight by 
R^ and R 2 , 

5 and having epoxy, amino, hydroxyl, or othet functional 
terminal groups at the molecule ends. In the present 
invention, the silicone resin does not necessarily have to 
be a homopolymer. A copolymer or a mixture of several 
homopolymers may be used. The molecular weight of the 
10 silicone resin is preferably in the range of from 30,000 
to 300,000. If the molecular weight is lower than 30,000, 
the covering layer becomes too soft. If the molecular 
weight is higher than 300,000, the covering layer becomes 
brittle. 

15 (b) Surface Active Agent [hereinafter referred to 

as "component (b)"!: 

Use of anionic surface active agents, cationic 
surface active agents, and nonionic surface active agents as 
component (b) is preferred. The HLB value of the component 
20 (b) is preferably in the range of from 5 to 50. Component 
(b) is used for homogenization of the components. If the 
amount of the component (b) is too small, the homogeneity of 
the mixture of the components is decreased. If the amount 
of the component (b) is too large, the durability of the 
25 covering layer is decreased. 

(c) Silane Coupling Agent [hereinafter referred to 
as "component (c) " ] : 

Component (c) is used for providing a bondability 
between the components and the plastic base film. The 

30 component (c) is an organic silicon monomer containing at 

least two different reactive groups in the molecule. One of 
the reactive group is selected from the methoxy, ethoxy and 
silanol groups. The other reactive group is selected from 
the vinyl, epoxy, methacry lie , amino and mercapto groups. 

35 Reactive groups capable of coupling with side chain groups 
and terminal groups of the silicone resin are selected. A 
mono- or di-orgahoalkoxysilane is ordinarily used as the 
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silane coupling agent. For example, there may be used 
vinyltrichlorosilane, vinyltriethoxysilane , vinyl-tris (B- 
-methoxyethoxy) silane, Y-glycidoxypropyltrimethoxy silane, Y- 
-methacryloxypropylmethoxy silane, N-B- (aminoethyl) -Y- 
5 -aminopropy Itrimethoxy silane , N-3- (aminoethyl) -Y-amino- 

propylmethyldimethoxy silane , Y~chloropropy Itrimethoxy silane, 
Y-mercaptopropyltrimethoxysilane and Y -aminopropy Itriethoxy- 
silane. 

If the amount of component (c) is too small, the 
10 bonding between the lubricant layer (C) and the plastic base 
film is insufficient. If the amount of component (c) is too 
large, the covering layer is brittle and the durability is 
reduced. 

(d) Water -Soluble Polymer L hereinafter referred 

15 to as "component (d)"]: 

A water-soluble polymer having a molecular weight 
of 10,000 to 2,000,000, preferably 100,000 to 1,000,000, is 
used as component (d) . If the molecular weight is lower 
than 10,000, the covering layer becomes* too soft, retention 

20 of the structure becomes difficult and durability is reduced. 
If the molecular weight exceeds 2,000,000, the covering 
layer becomes too hard and brittle, and durability is 
reduced. As the water-soluble polymer, there can be 
mentioned polyvinyl alcohol, tragacanth gum, gum arabic, 

25 casein, gelatin, methyl cellulose, hydroxyethyl cellulose, 
and carboxymethyl cellulose. Among these water-soluble 
polymers, there are preferably used cellulose type water- 
-soluble polymers such as methyl cellulose, hydroxyethyl 
cellulose, and carboxymethyl cellulose. 

30 (e) Wax [hereinafter referred to as "component (e) " ]: 

As component (e) , there may be used waxes such as 
insect wax, spermaceti, carnauba wax and bees wax. 

The layer (C) formed on the outer surface of the 
layer (B) of the laminated film is classified into the 

35 entire surface uniform covering layer and the discontinuous 
covering layer formed of worm-like nodules according to the 
kind of the lubricant selected and used. 
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As the lubricant to be used for formation of the 
entire surface uniform covering layer, there is used a 
composition comprising the above-mentioned silicone resin (a) , 
surface active agent (b) , silane coupling agent (c) and, 
5 preferably, wax (e) • 

In this case, it is preferred that the silicone 
resin (a) /surface active agent (b) /silane coupling agent 

(c) /wax (e) weight ratio be in the range of (10 - 100)/ 

(5 - 20)/ (5 - 100)/ (0 - 200). The thickness of the covering 

2 2 
1q layer is 1 to 1,000 mg/m f preferably 2 to 500 mg/m , as the 

solids* Both components (a) and (e) are lubricants. If the 

amount of component (a) is too large or too small, durability 

is reduced. If the amount of the wax (e) is too large, 

durability is also reduced. 

25 As the lubricant to be used for formation of 

the discontinuous covering layer formed of worm-like 
nodules, there is used a composition comprising the 
above-mentioned silicone resin (a) , silane coupling 
agent (c) , water-soluble polymer (d) and, preferably, 

2o wax (e) . 

In this case, it is preferred that the silicone 
resin (a) /silane coupling agent (c) /water-soluble polymer 

(d) /wax (e) weight ratio be in the range of (10 - 100)/ 

(5 - 100)/ (10 - 200)/ (0 - 200). The thickness of the 

2 2 
25 covering layer is 1 to 1,000 mg/m , preferably 2 to 500 mg/m , 

as the solids. 

Components (a) and (e) are lubricating components. 

If the amount of component (a) is too large or too small, 

durability is reduced. If the amount of the component (e) 

30 is too large, durability is also reduced. Component (d) is 
a component for forming the covering structure of worm-like 
nodules. If the amount of component (d) is too small, 
retention of this covering structure becomes difficult. If 
the amount of component (d) is too large, durability is 

35 reduced. Component (c) is used for providing bondability 
between the components, and. the plastic base film. If the 
amount of layer (C) is too small, the bonding is insufficient 
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and the durability is reduced. If the amount of component 
(c) is too large, the covering layer becomes brittle and the 
durability is reduced. 

The surface structure of this discontinuous 
5 covering layer formed of worm-like nodules "is as shown in a 
photomicrograph (500 magnification) of Fig. 2 taken by using 
a differential interference microscope. 

The process for the production of the laminated film of 
the present invention will now be described. 

10 The surface roughness of the covering layer is 0.005 to 

0.040 y, preferably 0.005 to 0.030 y, as expressed as the Ra 
value at a cut-off value of 0.25 mm. If the Ra value is 
smaller than the lower limit, the running property of this 
surface on a metal roll and a guide rod is degraded. 

15 Namely, the running property and durability are degraded. 
If the Ra value is larger than the upper limit, the surface 
roughness is increased. When the base film is wound in the 
form of a roll in the tape-manufacturing process or the 
magnetic tape is wound in the form of a* reel, the configura- 

20 tion of this surface is transferred to the film-formed 
surface, resulting in reduction of the smoothness of the 
film-formed surface. 

Another example of the outer surface of the layer (B) 
is a surface having a plurality of depressions and a 

25 plurality of protrusions in a configuration such that at 
least one protrusion exists within each depression or at 
least one protrusion exists in the area where two or more 
depressions are contiguous to each other, as typically shown 
in a photomicrograph (1,000 magnification) of Fig. 1 taken 

30 by using a differential interference microscope. In this 
outer surface, it is preferred that the area fraction of the 
depressions be in the range of from 1 x lo" 3 to 6 x lo" 1 . 
By the term "area fraction of the depressions" is meant the 
ratio of the area of the depressions to the area of the 

35 observation visual field. The area fraction of depressions 
is calculated from the following equation: 
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Area fraction = (EniDi)/S 

i 

wherein Di stands for an area of a certain 
depression and ni stands for the number of 
5 depressions having an area of Di; 

The surface having these protrusions and depressions 
will now be described with reference to Figs, 3 through 6. 

Referring to Figs. 3 A and 3B and Figs. 4A and 4B, a 
plurality of depression-protrusion combinations 4 are formed 
10 on the surface of the layer (B) (layer 1). Each combination 
comprises a depression 2 and one or more protrusions 3 
present in the depression. The number of the protrusion 3 
present in each depression may be one as shown in Figs. 3A 
and 3B or plural as shown in Figs. 4 A and 4B. The shape of 
15 the depression 2 is not particularly critical. The 

depression may be elliptical (see Fig. 4A) , long elliptical 
(see Fig. 3A) , or gourd-shaped. The protrusion 3 may be 
present in any position within each depression 2. 
Incidentally, reference numeral 5 represents the layer (A) 
20 of the laminated film. 

Referring to Figs. 5 A and 5B and Fig. 6, one or more 
protrusions 3 are formed in the area where two or more 
depressions are contiguous to each other. More specifically/ 
a protrusion may occupy the area where two elliptical 
25 depressions 2 are contiguous to each other as shown in 

Fig. 5A, or a protrusion 3 may occupy the area where seven 
depressions are contiguous to one another as shown in 
Fig. 6. 

The roughness of the surface having protrusions and 
30 depressions formed thereon is 0.005 to 0.040 y, preferably 
0.005 to 0 # 030 y, as expressed as the Ra value at a cut-off 
value of 0.25 mm. 

In case of the outer surface on which protrusions exist 
within depressions or protrusions exist in the areas where 
35 depressions are contiguous to one another, the covering 
layer as mentioned above need not be used. However, in 
order to further improve the running property and durability, 
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it is preferred that the covering layer of a lubricant as 
mentioned above be formed on the outer surface having the 
above-mentioned protrusions and depressions formed thereon. 
As in the foregoing embodiment, the covering lubricant layer 
5 may be either an entire surface uniform covering layer or a 
discontinuous covering layer formed of worm-like nodules 
in the present embodiment. In each case, the surface 
roughness Ra value is 0.005 to 0.040 y, preferably 0.005 to 
0.030 y, at a cut-off value of 0.25 mm. Whether the outer 
surface may have a covering layer or may not have a covering 
layer, if the Ra value is smaller than the lower limit 
value, there is a fear of reduction of the running property 
of this surface on a metal roll or guide rod. More 
specifically, the running property and durability tend to 

^ 5 decrease. If the Ra value is larger than the upper limit 
value, the surface roughness is too large. When the base 
film is wound in the form of a roll or when a tape is 
prepared or a magnetic tape is wound in the form of a reel, 
the configuration of this surface is transferred to the 

2Q thin-film formed surface and there is a fear of reduction 
of the surface smoothness of the thin-film formed surface. 

The process for the production of the laminated film of 
the present invention will now be described. 

The laminated film of the present invention may be 

25 prepared by adopting the technique of co-extrusion in the 
ordinary plastic film-manufacturing process. The starting 
material from which particles contained in the polymer are 
removed as completely as possible is used for the layer (A) , 
and the starting material in which fine particles are 

3Q positively incorporated is used for the layer (B) . These 
two starting materials are co-extruded in the form of a 
sheet. If necessary, then, a solution or emulsion containing 
the above-mentioned lubricant components is coated on the 
outer surface of the layer (B) of the co-extruded film and 

35 the coated film is diried and drawn to form a laminated film 
in which onie surface is a smooth " surf ace and the other 
surface is a surface of the ordinary protrusion type having 
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a covering lubricant layer formed thereon. If necessary, 
this drawn film is heat-set to form a laminated film in 
which one surface is a smooth surface and the other surface 
is an ordinary protrusion type surface having a covering 
5 lubricant layer formed thereon. 

When a depression-forming step is placed after the 
co-extrusion step in the above-mentioned film-manufacturing 
process, there can be obtained a laminated film in which the 
outer surface of the layer (A) is smooth and the outer 

10 surface of the layer (B) has protrusions and depressions 

formed thereon in a configuration such that the protrusions 
exist within the depressions or in the areas where the 
depressions are contiguous to each other. As the depres- 
sion-forming means, there is advantageously adopted a method 

15 in which after the extrusion or first drawing, a volatile 
polar solvent such as acetone or methanol is coated on the 
layer (B) to etch the surface. However, the method that can 
be adopted in the present invention is not limited to this 
method. The drawn film may be heat-set" according to need. 

20 In order to further improve the easily sliding property 

and durability, there may be adopted a method in which a 
solution or emulsion composed mainly of the above-mentioned 
lubricant is coated on the outer surface of the layer (B) in 
the film-forming process and the coated film is dried and 

25 drawn. 

A magnetic layer, preferably a thin film of a ferro- 
magnetic substance may be formed on the surface A of the 
laminated film of the present invention. More specifically, 
a ferromagnetic substance, for example, such as Fe, Co, Ni, 
30 an alloy thereof or an alloy of such a metal with other 
non-magnetic material is formed on the surface of the 
layer (A) in the form of a thin film preferably having a 
thickness of 500 to 2,000 A by vacuum evaporation, sputtering 
or plating. 

35 It is preferred that a protective organic compound 

layer be formed on the surface of the magnetic layer.- As 
the protective organic compound layer, there can be mentioned 
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a protective layer comprising an adhesive component such as 
an epoxy resin or a vinyl chloride/vinyl acetate copolymer 
resin, a lubricating component such as a silicone resin or a 
wax, and an additive component such as a silane coupling 
5 agent, though the protective layer that can be used is not 
limited to this protective layer. 

The thickness of the protective layer is 0.01 to 
0.50 \i, preferably 0.1 to 0.2 u. Because of the presence of 
this protective layer, the surface of the magnetic layer is 

10 prevented from direct contact with a guide or magnetic head 
in a VTR. Since the smoothness of the base film surface is 
very excellent, the surface of the thin film of the magnetic 
substance is very smooth. Therefore, the electromagnetic 
transformation performances of the obtained magnetic 

15 recording medium are highly improved. Moreover, by dint of 
the protective organic compound film layer, the magnetic 
surface is excellent in the easily sliding property, and 
occurrence of the sticking phenomenon or formation of 
scratches due to the contact with a rotary drum head at the 

20 time of the actual running operation in a VTR can be 
prevented. 

Properties of magnetic tapes referred to in the instant 
specification are evaluated by repeating recording and 
reproduction by using a commercially available VTR of the 
25 VHS system. 

The running characteristics (scratch resistance, easily 
sliding property, and durability) of the tape are evaluated 
by repeating the running operation for reproduction 500 
times and examining the surface of the tape on the running 

30 side to check whether or not scratches are formed on the 
surface on the running side. 

The signal-to-noise (S/N) ratio of the tape is determined 
by recording a 50% white label signal at an optimum recording 
current for the tape to be tested and comparing the ratio of 

35 the signal to the noise contained in a video demodulation 
signal at the time of reproduction with that of a 
commercially available standard tape of the VHS system as 
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0 dB. 

The drop-out characteristic is determined by recording 
a three-staged step wave signal at an optimum recording 
current on the magnetic recording tape to be tested, counting 
5 by a drop-out counter the number of drop-outs in which the 
attenuation quantity of the video output at the time of 
reproduction is larger than 18 dB and the duration time is 
at least 20 microseconds, and calculating a mean value per 
minute . 

10 The present invention will now be described in detail 

with reference to the following examples, which by no means 
limit the scope of the invention. 
Example 1 

Polyethylene terephthalate substantially free of 

15 internal particles formed by reaction of the polymerization 
catalyst residue with monomers or oligomers in the polymeri- 
zation stage, as the starting material for the layer (A) , 
and polyethylene terephthalate containing 0.2% by weight of 
internal particles having a particle size of 1.5 P, which 

20 were formed by reaction of the polymerization catalyst 
residue with monomers or oligomers in the polymerization 
stage, as the starting material for the layer (B) , were 
melted and co-extruded at a thickness ratio of 1/1, and the 
co-extrudate* was drawn at a draw ratio of 2.7 in the 

25 longitudinal direction. Acetone was coated on the outer 
surface of the layer (B) and the coated surface was dried. 
By this procedure the other surface of the layer (B) was 
etched. Then, the film was passed through a stenter at 90°C 
and drawn at a draw ratio of 3.7 in the transverse direction. 

30 Then, the film was heat-treated at 200°C to obtain a 

biaxially drawn polyester laminated film having a thickness 
of 12 v, in which the outer surface of the layer (A) (herein-^ 
after referred to as "surface A") had an Ra value of 0.003 y 
at a cut-off value of 0.25 mm and the outer surface of th 

35 layer (B) (hereinafter referred to as "surface B") comprised 
protrusions existing within depressions or in the areas 
where depressions were contiguous to each other and had an 
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Ra value of 0.014 y at a cut-off value of 0.25 mm. 

A th J n f: *- lm of a c obalt-iron alloy having a thickness 
of 1,500 A was formed on the surface A of the polyester film 
by vacuum evaporation. Then, a protective film comprising 
b an epoxy resin, a silicone resin and a silane coupling agent 
was formed at a thickness of 0.1 p on the surface of the 
cobalt-iron alloy thin film. Then, the formed laminated 
film was cut in the longitudinal direction in a predetermined 
width to obtain a magnetic tape having properties shown in 
10 Table 1. 

Example 2 

The procedures of Example 1 were repeated in the same 
manner except that an aqueous emulsion B comprising (A) 
0.40% by weight of an epoxidized polydimethylsiloxane 

15 emulsion, (B) 0.050% by weight of a silane coupling agent 
[N-B- (aminoethyl) -y-aminopropylmethyldimethoxysilane ] , and 
(C) 0.20% by weight of an alkylphenol type non-ionic surface 
active agent was coated on the surface (B) of the film, 
which had been coated with acetone and then dried, and the 

20 temperature of the stenter zone was 115°C. The properties 
of this magnetic tape are shown in Table 1. 
Example 3 

A magnetic tape having a surface formed of worm-like 
nodules was prepared in the same manner as described in 
Example 2 except that an aqueous emulsion B comprising (A) 
0.40% by weight of an epoxidized polydimethylsiloxane 
emulsion, (B) 0.050% by weight of a silane coupling agent 
[N-B- (aminoethyl) -Y-aminopropylmethyldimethoxy silane] , and 
(C) 0.20% by weight of methyl cellulose vras used instead of 
30 the aqueous emulsion B used in Example 2. A magnetic tape 
having a film of worm-like nodules was thus obtained. The 
properties of this magnetic tape are shown in Table 1. 
Example 4 

Polyethylene terephthalate which is substantially free 
35 from internal particles resulting from the polymerization 

catalyst residue, as the starting material for the layer (A), 
and polyethylene terephthalate containing 0.2% by weight of 
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internal particles having a particle size of 1.5 V, which 
were formed by reaction of polymerization catalyst residues 
with monomers or oligomers in the polymerization stage, as 
the starting material for the layer (B) , were melted and 
5 co-extruded at a thickness ratio of 1/1, and the co-extrudate 
was drawn at a draw ratio of 3 in the longitudinal direction. 
Then aqueous emulsion B comprising (A) 0.40% by weight of an 
epoxidized poly dime thy lsiloxane emulsion, (B) 0.050% by 
weight of a silane coupling agent [N-3- (aminoethyl) -Y- 

10 -aminopropylmethyldimethoxysilaneJ , and (C) 0.20% by weight 
of an alkylphenol type non-ionic surface active agent was 
coated on the outer surface of the layer (B) containing 
internal particles. Then, the film was passed through a 
stenter, dried and preheated at 115 °C, and the film was 

15 drawn in the transverse direction at a draw ratio of 3. 
Then, the film was heat-treated at 200 °C to obtain a 
biaxially drawn polyester laminated film having a thickness 
of 12 u, in which the outer surface of the layer (A) had a 
surface roughness Ra value of 0.003 U at a cut off value of 

20 0.25 mm and the outer surface of the layer (B) had a 

continuous covering layer composed mainly of a lubricant and 
having a surface roughness Ra value of 0.014 U at a cut-off 
value of 0.25 mm. 

A thin film of a cobalt-iron alloy having a thickness 

o 

25 of 1,500 A was formed on the surface A of this film by 

vacuum evaporation. Then, a protective film layer comprising 
an epoxy resin, a silicone resin and a silane coupling agent 
was formed in a thickness of 0.1 y on the surface of the 
cobalt-iron alloy thin film. Then, the polyester film was 

30 cut in the longitudinal direction in a predetermined width 
to obtain a magnetic tape having properties shown in Table 1. 
Example 5 

The procedures of Example 4 were repeated in the same 
manner except that an aqueous emulsion comprising (A) 0.40% 
35 by weight of an epoxidized polydimethylsiloxane emulsion, 
(B) 0.050% by weight of a silane coupling agent [N-&- 
- (aminoethyl) - Y"" am i no P ro Py lmeth yl dim sthoxy silane 1 , and (C) 
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0.20% by weight of methyl cellulose was used instead of the 
aqueous emulsion B used in Example 4. There was obtained a 
biaxially drawn polyester laminated film having a thickness 
of 12 y, in which the surface A had a surface roughness Ra 
5 value of 0.003 u at a cut-off value of 0.25 mm and the 
surface B comprised a surface film formed of worm-like 
nodules and had a surface roughness Ra value of 0.015 y at a 
cut-off value of 0.25 mm. A magnetic tape having properties 
shown in Table 1 was prepared from this base film in the 
10 same manner as described in Example 4. 
Comparative Example 1 

A magnetic tape was prepared in the same manner as 
described in Example 1 except that Si0 2 particles having a 
particle size of 3 V were incorporated in an amount of 0.02% 

15 by weight into the starting material for the layer (A) to 
obtain a film having the surface A having an Ra value of 
0.010 y. The properties of the magnetic tape are shown in 
Table 1. 

Comparative Example 2 

20 a magnetic tape was prepared in the same manner as 

described in Example 1 except that Si0 2 particles having a 
particle size of 3 V were incorporated in an amount of 0.03% 
by weight into the starting material for the layer (B) to 
obtain a film having the surface B having an Ra value of 

25 0.050 y. The properties of the magnetic tape are shown in 
Table 1. 

Comparative Example 3 

A magnetic tape was prepared in the same manner as 
described in Example 1 except that 5/6 of the starting 

30 material for the layer (B) was substituted by the starting 
material for the layer (A) to reduce the amount of internal 
particles in the layer (B) and obtain a film having the 
surface B having an Ra value of 0.004 y. The properties of 
the magnetic tape are shown in Table 1. 

35 Comparative Example 4 

The procedures of Example 4 were repeated in the same 
manner except that SiO_ particles having a particle size of 
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3 y were incorporated in an amount of 0.03% by weight into 
the starting polyethylene terephthalate containing internal 
particles formed by reaction of the polymerization catalyst 
residue with monomers or oligomers in the polymerization 
5 stage. There was obtained a biaxially drawn polyester 
laminated film having a thickness of 12 y, in which the 
surface A had an Ra value of 0.003 y at a cut-off value of 
0.25 mm and the surface B comprised a continuous covering 
layer composed mainly of a lubricant and had an Ra value of 

10 0.050 y at a cut-off value of 0.25 mm. 

A magnetic tape was prepared from this base film in the 
same manner as described in Example 4. The properties of 
the magnetic tape are shown in Table 1. 
Comparative Example 5 

15 The procedures of Example 4 were repeated in the same 

manner except that 5/6 of the starting polyethylene 
terephthalate containing internal particles formed by 
reaction of the polymerization catalyst residue with monomers 
or oligomers in the polymerization stage was replaced by 

20 polyethylene terephthalate substantially free of the internal 
particles to reduce the amount of the internal particles. 
There was obtained a biaxially drawn polyester laminated 
film having a thickness of 12 y, in which the surface A had 
an Ra value of 0.003 y at a cut-off value of 0.25 mm and the 

25 surface B comprised a continuous covering layer composed 
mainly of a lubricant and had an Ra value of 0.004 y at a 
cut-off value of 0.25 mm. 

A magnetic tape was prepared from this base film in the 
same manner as described in Example 4. The properties of 

30 the magnetic tape are shown in Table 1. 
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Note , 

The scratch resistance was evaluated according to the 
following rating. 

A: no scratches observed 
5 B: slight formation of very small scratches 

observed 

C: prominent formation of scratches observed 
As is apparent from the results shown in Table 1, in a 
magnetic recording medium obtained by forming a thin film of 

10 a ferromagnetic substance on the surface A of the laminated 
film of the present invention comprising a layer (A) of a 
thermoplastic resin and a layer (B) of a fine particle- 
-containing thermoplastic resin, in which the outer surface A 
of the layer (A) is a smooth surface having a surface 

15 roughness, expressed as the Ra value at a cut-off value of 
0.25 mm, of less than 0.005 y and the outer surface B of the 
layer (B) is an ordinary protrusion type surface having a 
covering lubricant layer formed thereon or a surface having 
a plurality of depressions and a plurality of protrusions, 

20 which are formed in a configuration such that at least one 
protrusion exists within each depression or at least one 
protrusion exists in the area where two or more depressions 
are contiguous to each other, the surface having a surface 
smoothness, expressed as the Ra value at a cut-off value of 

25 0.25 mm, of 0.005 to 0.040 y, a covering lubricant layer 
being optionally formed on the surface, and forming a 
protective organic compound layer on the thin film of the 
ferromagnetic substance, a good running property is attained 
at the actual operation, and the electromagnetic trans- 

30 formation performances are very excellent. Accordingly, 
this magnetic tape is very suitable as a video tape for a 
small VTR or portable VTR. When a covering layer composed 
mainly of a lubricant is formed on the surface B of the 
layer (B) and this laminated film is used for a magnetic 

35 recording medium, the running property of the non-magnetic 
surface is further improved. 
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CLAIMS 

1. A laminated film comprising (A) a layer composed 
of a thermoplastic resin and (B) a layer of a thermoplastic 
resin containing fine particles therein, wherein the surface 
roughness, expressed as the Ra value, of the outer surface 
of the layer (A) is smaller than 0.005 U, and the outer 
surface of the layer (B) is either 

i) a surface having a surface roughness, 
expressed as the Ra value, of 0.005 to 0.04 y and 
having a plurality of depressions and a plurality of 
protrusions which are formed in a configuration 
such that at least one protrusion exists within each 
depression or at least one protrusion exists in the 
area where two or more depressions are contiguous to 
each other, 

or 

ii) a surface having protrusions formed on a flat 
plane, and whose surface is covered with a layer (C) 
composed of a lubricant and having* a surface roughness, 
expressed as the Ra value, of 0.005 to 0.04 y. 

2. A laminated film as set forth in claim 1, wherein 
the covering layer (C) is a continuous film layer comprising 
a silicone resin, at least one surface active agent selected 
from anionic, cationic and non-ionic surface active agents 
and a silane coupling agent. 

3. A laminated film as set forth in claim 1, wherein 
the covering layer (C) is a discontinuous film layer formed 
of worm-like nodules, which comprises a silicone resin, a 
silane coupling agent, and a water-soluble polymer. 

4. A laminated film as set forth in any of claims v l, 

o o u . /of at least one oT layers (A) and ( B) 
2, and 3, wherein the therm oplastic resm/is a polyester. 

5. A laminated film as set forth in claim 2 or 3, 
wherein the silicone resin is a compound which is represented 
by the following general formula: 




i 
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wherein ^ stands for CH 3 , C 6 H 5 , or H, R 2 
stands for CH 3 , C g H 5 , H, ah epoxy group, an 
amino group, or a hydroxy 1 group, and n is 
number of from 100 to 7,000, 
5 and has functional terminal groups selected from epoxy, 
amino, and hydroxy 1 groups at the ends thereof. 

6. A laminated film as set forth in any of claims 2, 
3, and 5, wherein the silane coupling agent is a mono- or 
di-organoalkoxysilane. 
10 7. A laminated film as set forth in' claim 2, wherein 

the HLB value of the surface active agent is in the range of 
from 5 to 50. 

8. A laminated film as set forth in claim 3, wherein 
the water-soluble polymer is at least one polymer selected 

15 from the group consisting of polyvinyl alcohol, tragacanth 
gum, gum arabic, casein, gelatin, methyl cellulose, hydro- 
xyethyl cellulose, and carboxymethyl cellulose. 

9. A laminated film as set forth in claim 1, wherein 
each of the thermoplastic resin layers (A) and (B) is a 

20 biaxially oriented polyester film. 

10. A laminated film as set forth in any of claims 1 
to 9, which further comprises a ferromagnetic metal thin 
film formed on the outer surface of the layer (A) . 
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Description 

Background of the invention 

(1) Field of the invention 

5 This invention relates to a laminated thermoplastic film. More particularly, it relates to a base film 
suitable for a super high density magnetic recording medium having a very good running property. 

(2) Description of the prior art 

The increase in the recording density in the magnetic recording media has led to a demand for 

JO increased surface smoothness in the thermoplastic resin film used for the recording media. On the other 
hand, the need to improve operation adaptability at the film-forming step or the magnetic tape-preparing 
step has led to a demand for slip characteristics for the surface of the film, and has made the slip property 
of the magnetic tape crucial. Thus, it is required for a thermoplastic base film suitable for a magnetic 
recording medium to have excellent smoothness and good slip characteristics. 

75 As means for satisfying these requirements, there has been adopted a method in which fine particles 
are incorporated in a starting polymeric material for formation of a smooth film. According to this 
conventional technique, however, improvement of one of the smoothness and slip characteristics results in 
degradation of the other. It has heretofore been impossible to improve both the properties simultaneously. 
A conventional magnetic recording tape is of the so-called coating type, prepared by coating a base 

20 film with a magnetic paint comprising a magnetic powder and an organic polymer binder, and the coating 
layer has a relatively large thickness, i.e., ordinarily 3 to 6 urn (microns). Accordingly, convexities and 
concavities enough to cause drastic reduction of the electromagnetic performances seldom occur in the 
magnetic layer. Therefore, in a conventional base film for the magnetic recording medium, a method has 
been employed wherein finely divided particles are incorporated in the starting polymeric material or 

25 internal particles are formed in the starting polymeric material from the polymerization catalyst residue, 
whereby slip characteristics are imparted to the film. 

U.S. 4198458 describes, as a base film for such a magnetic recording medium of the coating type a 
stretch-oriented polyester film consisting of two or three layers of polyester films, the external layers of 
which are composed of a polyester having different intrinsic viscosities so that the film may be curled. One 

30 external layer of the film, on which the magnetic layer is to be coated, has a coefficient of static friction 
greater than, and provides a surface smoother than, that of the other external layer, which other external 
layer contains particles of an inert compound. 

However, this coating type magnetic recording medium does not meet the recent requirements for 
super-high magnetic recording density. Accordingly, a so-called metallized film tape having a highly 

35 magnetic, thin metal surface layer formed by vacuum evaporation or sputtering without the use of a binder 
has become popular as a super high recording density video tape instead of the magnetic recording 
medium of the coating type. 

The thickness of the magnetic metal layer of the above-mentioned metallized film tape is usually 0.05 
to 0.2 Mm, much thinner than that in the magnetic tape of the coating type. Therefore, the surface 

40 configuration of the base film used is completely reproduced on the surface of the metallized film tape. 
Accordingly, if the surface roughness of the base film is large, the electromagnetic performances of the 
metal thin-film video tape are extremely reduced. In fact, even if a metal thin-film video tape formed from a 
finely divided particle-incorporated base film is used in a VTR (video tape recorder), no image is 
reproduced. Namely, this tape cannot be used as a video tape at all. 

45 In view of electromagnetic performances, a base film having quite a smooth surface is preferred. 
Although a vacuum-deposited metal film formed on a base film having a smooth surface is inferior in 
surface slip characteristics, a protecting film layer formed thereon can solve the problem. 

The problem to be solved is how to improve the running property of the non-magnetic layer side of the 
magnetic recording tape. In U.S. Patent No. 4,233,352, it is taught that the running property is improved by 

so forming a coating layer on a smooth surface. However, it was found that under severe running conditions, 
for example, when the frequency of repeated use is extremely high, the running property and durability are 
inferior to those of an ordinary fine particle-containing film. Accordingly, we made researches with a view 
to eliminating this defect. We found that this defect can be eliminated in a laminated film having a smooth 
surface on which the magnetic recording layer is to be formed and having on the opposite surface a specific 

55 film layer containing fine particles having a regulated size. 

In a base film wound in the form of a roll, the configuration of the coarse surface is transferred to the 
contacted smooth surface to degrade the smoothness. When a vacuum-deposited tape is prepared by 
running the film on a smooth cooling can, the front smooth surface is influenced by the coarse surface on 
the opposite side, also degrading the smoothness. Moreover, when the formed magnetic tape is wound in 

60 the form of a roll, the configuration of the coarse surface is transferred to the smooth surface, resulting in 
reduction of smoothness. 

EP— A— 0074750 published on 23rd March 1983 discloses a single layer polyester film on at least one 
surface of which is provided a discontinuous film of a thickness desirably not larger than 500 A (50 nm). 
EP — A — 0088634, published on 14th September 1983, claims a laminat d film comprising (A) a layer 

65 composed of a thermoplastic resin and (B) a layer of a thermoplastic r sin containing fine particles therein, 
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wherein the outer surface of the layer (A) has a discontinuous skin having a height of 50 to 1 ,000 A (5 to 100 
nm) and the roughness, expressed as the Ra value, of the outer surface of the layer (B) is 0.005 to 0.040 um. 

Summary of the invention . 

It is a primary object of the present invention to provide a laminated film suitable for a high density 

5 magnetic recording medium, on one surface of which a magnetic thin film can be formed, excellent in 
electromagnetic transformation performances, and the other surface of which is easily sliding and running 
in contact with a metal guide rod, and hence is excellent in durability and not cause degradation of the 
configuration of the magnetic thin film surface due to transfer of the configuration of the running surface. 
Another object of the present invention is to provide a laminated film suitable for a high density 

10 magnetic recording medium, on one surface of which is very smooth and a vacuum-deposited magnetic 
metal thin film layer is formed thereon in order to obtain superior electromagnetic transformation 
performances and the opposite side of which has a running surface excellent in the running property and 
durability, and in whose configuration is not transferred to the smooth surface kept in contact with the 
running surface in the wound state. t ■ * j n 

15 More specifically, in accordance with the present invention, there is provided a laminated film 
comprising <A) a layer composed of a thermoplastic resin and (B) a layer of a thermoplastic resin containing 
fine particles therein, wherein the surface roughness, expressed as the Ra value, of the outer surface of the 
layer (A) is smaller than 0.005 urn, and the outer surface of the layer (B) is either 

20 i) a surface having a surface roughness, expressed as the Ra value, of 0.005 to 0.04 um and having a 
plurality of depressions and a plurality of protrusions which are formed in a configuration such that at 
least one protrusion exists within each depression or at least one protrusion exists in the area where two 
or more depressions are contiguous to each other, or . . 

ii) a surface having protrusions formed on a flat plane, and whose surface is covered with a layer (C) 

25 composed of a lubricant and having a surface roughness, expressed as the Ra value, of 0.005 to 0.04 um. 

In the case where the outer surface of the layer (B) is an ordinary protrusion type surface having 
protrusions formed on a flat plane, the other surface is covered with a layer (C) composed of a lubricant for 
improving the running property and durability. The outer surface of the layer (B) may be a surface having a 
plurality of depressions and a plurality of protrusions which are formed in a configuration such that at least 
one protrusion exists within each depression or at least one protrusion exists in the area where two or 
more depressions are contiguous to each other. Also in this case, as in case of the ordinary protrusion type 
surface, a covering layer (C) of a lubricant may be formed. The covering layer may be either a continuous 
film layer which may comprise a silicone resin, a surface active agent, a silane coupling agent, and, 
optionally, a wax, or a discontinuous film layer formed of worm-like nodules, which may comprise a 
silicone resin, a silane coupling agent, a water-soluble high polymer, and, optionally, a wax. 
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Brief description of the drawings 

Figure 1 is a photomicrograph of protrusions which are formed, together with depressions, on the 
40 outer surface of the layer (B) of the laminated film of the present invention, obtained by using a differential 
interference microscope; 

Fig. 2 is a photomicrograph of an easily-slipping film layer formed of worm-like nodules on the outer 
surface of the layer (B) of the laminated film of the present invention, obtained by using a differential 
interference microscope; 

Fig. 3A is a diagrammatic plane view of a depression having a protrusion therein and Fig. 3B is a 
diagrammatic cross-sectional view of the depression cut along the line A— A' in Fig. 3A; 

Fig. 4A is a diagrammatic plane view of a depression having protrusions therein and Fig. 4B is a 
diagrammatic cross-sectional view of the depression cut along the line A — A' in Fig. 4A; 

Fig. 5A is a diagrammatic plane view of depressions having a protrusion in the area where the 
depressions are contiguous to each other and Fig. 5B is a diagrammatic cross-sectional view of the 
depressions cut along the line A— A' in Fig. 5A; 

Fig. 6 is a diagrammatic plane view of depressions having a protrusion in the area where the 
depressions are contiguous to each other; and 

Fig. 7 is a photomicrograph of the laminated film of the present invention in which protrusions are 
55 formed on the outer surface of the layer (B) and a discontinuous film of worm-like nodules is formed on the 
protrusions, obtained by using a differential interference microscope. 

Description of the preferred embodiments 

By the term "thermoplastic resin" used in the present invention are meant thermoplastic polymers 
60 such as polyesters, polyamides, polycarbonates and polypropylene. Among these polymers, polyesters are 
preferred because they are excellent in both mechanical and thermal characteristics. 

Any polyesters composed mainly of linear polyesters may be used in the present invention. As typical 
instances, there can be mentioned polyethylene terephthalate, polytetramethylene terephthalate, 
poly-1,4-cyclohexylenedimethylene terephthalate, polyethylene-2,6-naphthalene dicarboxylate and 
6? polyethylene-p-hydroxybenzoate. Of .course, these polyesters may be either homopolyesters or 
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copolyesters. As the comon mer component used f r the copolyester, there can be mentioned, for 
xample, diol components such as diethylene glycol, propyl ne glycol, p-xylylene glycol and 1,4- 
cyclohexan dimethanol; dicarboxylic acid components such as adipic acid, sebacic acid, phthalic acid, 
isophthalic acid, 2,6-naphthalene dicarboxylic acid and 5-sodium sulfoisophthalate; polyfunctional 
5 dicarboxylic acid components such as trimellitic acid and pyromeilitic acid; and p-hydroxyethoxy benzoic 
acid. In case of a copolyester, the amount of the comonomer component is controlled to no more than 20 
mole%. 

The layer (A) composed of a thermoplastic resin is a layer not containing fine particles having a particle 
size larger than 0.5 urn in the thermoplastic resin, preferably a layer substantially free of fine particles. The 
70 layer (B) of a thermoplastic resin is a layer containing fine particles. It is preferred that the layers (A) and (B) 
be monoaxially or more preferably biaxially oriented. 

The fine particles are those formed by reaction of the residue of a polymerization catalyst for formation 
of a thermoplastic resin with monomers or oligomers, as disclosed in U.S. Patent No. 4,138,386 and No. 
4,067,855, for example, in case of a polyester resin, fine particles of a polymer-insoluble composition 
ts formed by reaction of a catalyst residue containing Ca, Si, Mn, Mg, Sb, Ge, P, Li, K, Na or the like with 
monomers or oligomers during the polyester-forming polymerization reaction, and/or inactive inorganic 
particles of aluminum oxide, silicon oxide, barium sulfate, and calcium carbonate, though fine particles that 
can be used in the present invention are not limited to those exemplified above. 

it is preferred that the particle size of these fine particles be 0.5 to 5 um, especially 1 to 3 urn, and that 
20 the amount of the fine particles be 0.01% to 1.0% by weight, especially 0.02% to 0.5% by weight. 

The outer surface of the layer {A) of the laminated film of the present invention is the surface of the 
layer (A) that is not contacted with the layer (B). This outer surface is so smooth that the surface roughness 
is less than 0.005 um as determined as an Ra value at a cut-off value of 0.25 mm according to the method of 
DIN 4768. 

25 The outer surface of the layer (B) of the laminated film of the present invention is the surface of the 
layer (B) that is not contacted with the layer (A). One embodiment of the outer surface of the layer (B) is an 
ordinary protrusion type surface having protrusions formed on a flat plane and whose surface is covered 
with a layer (C) composed of a lubricant. 

A preferred lubricant layer is made from a combination of the materials which are selected from a 

30 silicone resin, a surface active agent, a silane coupling agent, and water-soluble polymer and wax. Each 
component will now be described. 

(a) Silicone resin [hereinafter referred to as "component (a)"]: 

Component (a) has a molecular weight of 30,000 to 300,000. As a preferred example, there can be 
35 mentioned a silicone resin comprising a chain represented by the following formula: 

Ri 

I 

40 I 

R 2 

wherein R 1 stands for CH 3 , C 6 H 5 , or H, R 2 stands for CH 3 , C 6 H S , H, or a functional group such as an epoxy, 
amino, or hydroxyl group, and n is an integer of 100 to 7,000 giving the above-mentioned molecular weight 
45 by Rt and R 2 , and having epoxy, amino, hydroxy!, or other functional terminal groups at the molecule ends. 
In the present invention, the silicon resin does not necessarily have to be a homopolymer. A copolymer or a 
mixture of several homopolymers may be used. The molecular weight of the silicone resin is preferably in 
the range of from 30,000 to 300,000. If the molecular weight is lower than 30,000, the covering layer 
becomes too soft. If the molecular weight is higher than 300,000, the covering layer becomes brittle. 

so 

(b) Surface active agent [hereinafter referred to as "component (b)"]: 

Use of anionic surface active agents, cationic surface active agents, and non ionic surface active agents 
as component (b) is preferred. The HLB value of the component (b) is preferably in the range of from 5 to 
50. Component (b) is used for homogenization of the components. If the amount of the component (b) is 
55 too small, the homogeneity of the mixture of the components is decreased. If the amount of the component 

(b) is too large, the durability of the covering layer is decreased. 

(c) Silane coupling agent [hereinafter referred to as "component (c)"]: 

Component (c) is used for providing a bondability between the components and the plastic base film. 

60 The component (c) is an organic silicon monomer containing at least two different reactive groups in the 
molecule. One of th reactive group is selected from the methoxy, ethoxy and silanol groups. The other 
reactive group is selected from th vinyl, epoxy, methacrylic, amino and mercapto groups. Reactive groups 
capable of coupling with side chain groups and terminal groups of the silicone resin are selected. A mono- 
or di-organoalkoxysilane is ordinarily used as the silane coupling agent. For example, there may be used 

€5 vinyltrichlorosilane, vinyltriethoxysilane, vinyl - tristp - methoxyethoxy)siiane, y-glycidoxypropyl- 
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trimethoxysilane, Y-methacrvloxypropylmethoxysilane, N - P - (aminoethyl) - y - aminopropyl- 
trimethoxysilane, N - p - (aminoethyl) - y - aminopropylmethyldimethoxysilane, y - chloropropyl- 
trimethoxysilane, y - mercaptopropyitrimethoxysilane and y - aminopropyltriethoxysiiane. 

If the amount of component (c) is too small, the bonding between the lubricant layer (C) and the plastic 
5 base film is insufficient. If the amount of component (c) is too large, the covering layer is brittle and the 
durability is reduced. 

(d) Water-soluble polymer [hereinafter referred to as "component (d)"J: ^„ nnn 

A water-soluble polymer having a molecular weight of 10,000 to 2,000,000, preferably 100,000 to 
1 000 000, is used as component (d). If the molecular weight is lower than 10,000, the covenng layer 

w becomes too soft, retention of the structure becomes difficult and durability is reduced. If the molecular 
weight exceeds 2,000,000, the covering layer becomes too hard and brittle, and durability is reduced. As the 
water-soluble polymer, there can be mentioned polyvinyl alcohol, tragacanth gum, gum arable, casein, 
gelatin, methyl cellulose, hydroxyethyl cellulose, and carboxymethyl cellulose. Among these water-soluble 
polymers, there are preferably used cellulose type water-soluble polymers such as methyl cellulose, 

15 hydroxyethyl cellulose, and carboxymethyl cellulose. 

(e) Wax [hereinafter referred to as "component (e)"J: 

As component (e), there may be used waxes such as insect wax, spermaceti, carnauba wax and bees 

20 ^The layer (C) formed on the outer surface of the layer (B) of the laminated film is classified into the 
entire surface uniform covering layer and the discontinuous covering layer formed of worm-like nodules 
according to the kind of the lubricant selected arid used. 

As the lubricant to be used for formation of the entire surface uniform covering layer, there is used a 
composition comprising the above-mentioned silicone resin (a), surface active agent (b), silane coupling 
25 agent (c) and, preferably, wax (e). 

In this case it is preferred that the silicone resin (a)/surface active agent (b)/silane coupling agent 
<c)/wax (e) weight ratio be in the range of (10-100)/(5-20)/{5-100)/(0-200). The thickness of the covering 
layer is 1 to 1,000 mg/m 2 , preferably 2 to 500 mg/m 2 , as the solids. Both components (a) and (e) are 
lubricants. If the amount of component (a) is too large or too small, durability is reduced. If the amount of 
30 the wax (e) is too large, durability is also reduced. 

As the lubricant to be used for formation of the discontinuous covering layer formed of worm-like 
nodules, there is used a composition comprising the above-mentioned silicone resin (a), silane coupling 
agent (c), a water-soluble polymer (d) and, preferably, wax (e). 

In this case, it is preferred that the silicone resin (a)/silane coupling agent (c)Zwater-soluble polymer 
35 {d)/wax (e) weight ratio be in the range of (10-100)/{5-100)/<10— 200)/(0-200). The thickness of the 
covering layer is 1 to 1,000 mg/m 2 , preferably 2 to 500 mg/m 2 , as the solids. 

Components (a) and (e) are lubricating components. If the amount of component (a) is too large or too 
small, durability is reduced. If the amount of the component (e) is too large, durability is also reduced. 
Component (d) is a component for forming the covering structure of worm-like nodules. If the amount of 
40 component (d) is too small, retention of this covering structure becomes difficult. If the amount of 
component (d) is too large, durability is reduced. Component (c) is used for providing bondabihty between 
the components and the plastic base film. If the amount of layer (C) is too small, the bonding is insufficient 
and the durability is reduced. If the amount of component (c) is too large, the covering layer becomes brittle 
and the durability is reduced. . 
45 The surface structure of this discontinuous covering layer formed of worm-like nodules is as shown in 
a photomicrograph (500 magnification) of Fig. 2 taken by using a differential interference microscope. 
The process for the production of the laminated film of the present invention will now be described. 
The surface roughness of the covering layer is 0.005 to 0.040 urn, preferably 0.005 to 0.030 urn, as 
expressed as the Ra value at a cut-off value of 0.25 mm. If the Ra value is smaller than the lower limit, the 
so running property of this surface on a metal roll and a guide rod is degraded. Namely, the running property 
and durability are degraded. If the Ra value is larger than the upper limit, the surface roughness is 
increased. When the base film is wound in the form of a roll in the tape-manufacturing process or the 
magnetic tape is wound in the form of a reel, the configuration of this surface is transferred to the 
film-formed surface, resulting in reduction of the smoothness of the film-formed surface. 
55 Another example of the outer surface of the layer (B) is a surface having a plurality of depressions and 
a plurality of protrusions in a configuration such that at least one protrusion exists within each depression 
or at least one protrusion exists in the area where two or more depressions are contiguous to each other, as 
typically shown in a photomicrograph (1,000 magnification) of Fig. 1 taken by using a differential 
interference microscope. In this outer surface, it is preferred that the area fraction of the depressions be in 
50 the range of from 1x10' 3 to6x10-\ By the term "area fraction of the depressions" is meant the ratio of the 
area of the depressions to the area of the observation visual field. The area fraction of depressions is 
calculated from the following equation: 

Area fraction=(IniDi)/S 
65 - i 
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wherein Di stands for an area of a certain depression and ni stands for the number of depressions having 
an area f Di. 

The surface having these protrusions and depressions will now be described with refer nee to Figs. 3 
through 6. 

5 Referring to Figs. 3A and 3B and Figs. 4A and 4B, a plurality of depression-protrusion combinations 4 
are formed on the surface of the layer (B) (layer 1). Each combination comprises a depression 2 and one or 
more protrusions 3 present in the depression. The number of the protrusion 3 present in each depression 
may be one as shown in Figs. 3A and 3B or plural as shown in Figs. 4A and 4B. The shape of the depression 
2 is not particularly critical. The depression may be elliptical (see Fig. 4A), long elliptical (see Fig. 3A), or 

w gourd-shaped. The protrusion 3 may be present in any position within each depression 2. Incidentally, 
reference numeral 5 represents the layer (A) of the laminated film. 

Referring to Figs. 5A and 5B and Fig. 6, one or more protrusions 3 are formed in the area where two or 
more depressions are contiguous to each other. More specifically, a protrusion may occupy the area where 
two elliptical depressions 2 are contiguous to each other as shown in Rg. 5A, or a protrusion 3 may occupy 

is the area where seven depressions are contiguous to one another as shown in Rg. 6. 

The roughness of the surface having protrusions and depressions formed thereon is 0.005 to 0.040 urn, 
preferably 0.005 to 0.030 urn, as expressed as the Ra value at a cut-off value of 0.25 mm. 

In case of the outer surface on which protrusions exist within depressions or protrusions exist in the 
areas where depressions are contiguous to one another, the covering layer as mentioned above need not 

20 be used. However, in order to further improve the running property and durability, it is preferred that the 
covering layer of a lubricant as mentioned above be formed on the outer surface having the 
above-mentioned protrusions and depressions formed thereon. As in the foregoing embodiment, the 
covering lubricant layer may be either an entire surface uniform covering layer or a discontinuous covering 
layer formed of worm-like nodules in the present embodiment In each case, the surface roughness Ra 

25 value is 0.005 to 0.040 urn, preferably 0.005 to 0.030 urn, at a cut-off value of 0.25 mm. Whether the outer 
surface may have a covering layer or may not have a covering layer, if the Ra value is smaller than the 
lower limit value, there is a fear of reduction of the running property of this surface on a metal roll or guide 
rod. More specifically, the running property and durability tend to decrease. If the Ra value is larger than 
the upper limit value, the surface roughness is too large. When the base film is wound in the form of a roll 

30 or when a tape is prepared or a magnetic tape is wound in the form of a reel, the configuration of this 
surface is transferred to the thin-film formed surface and there is a fear of reduction of the surface 
smoothness of the thin-film formed surface. 

The process for the production of the laminated film of the present invention will now be described. 
The laminated film of the present invention may be prepared by adopting the technique of co-extrusion 

35 in the ordinary plastic film-manufacturing process. The starting material from which particles contained in 
the polymer are removed as completely as possible is used for the layer (A), and the starting material in 
which fine particles are positively incorporated is used for the layer (B). These two starting materials are 
co -extruded in the form of a sheet. If necessary, then, a solution or emulsion containing the 
above-mentioned lubricant components is coated on the outer surface of the layer (B) of the co-extruded 

40 film and the coated film is dried and drawn to form a laminated film in which one surface is a smooth 
surface and the other surface is a surface of the ordinary protrusion type having a covering lubricant layer 
formed thereon. If necessary, this drawn film is heat-set to form a laminated film in which one surface is a 
smooth surface and the other surface is an ordinary protrusion type surface having a covering lubricant 
layer formed thereon. 

45 When a depression -forming step is placed after the co-extrusion step in the above-mentioned 
film-manufacturing process, there can be obtained a laminated film in which the outer surface of the layer 
(A) is smooth and the outer surface of the layer (B) has protrusions and depressions formed thereon in a 
configuration such that the protrusions exist within the depressions or in the areas where the depressions 
are contiguous to each other. As the depression-forming means, there is advantageously adopted a 

so method in which after the extrusion or first drawing, a volatile polar solvent such as acetone or methanol is 
coated on the layer (B) to etch the surface. However, the method that can be adopted in the present 
invention is not limited to this method. The drawn film may be heat-set according to need. 

In order to further improve the easily sliding property and durability, there may be adopted a method in 
which a solution or emulsion composed mainly of the above-mentioned lubricant is coated on the outer 

55 surface of the layer (B) in the film-forming process and the coated film is dried and drawn. 

A magnetic layer, preferably a thin film of a ferromagnetic substance may be formed on the surface A 
of the laminated film of the present invention. More specifically, a ferromagnetic substance, for example, 
such as Fe, Co, Ni, an alloy thereof or an alloy of such a metal with other non-magnetic material is formed 
on the surface of the layer (A) in the form of a thin film preferably having a thickness of 500 to 2,000 A by 

60 vacuum evaporation, sputtering or plating. 

It is preferred that a protective organic compound layer be formed on the surface of the magnetic layer. 
As the protective organic compound layer, there can be mentioned a protective layer comprising an 
adhesive component such as an epoxy resin or a vinyl chloride/vinyl acetate copolymer resin, a lubricating 
component such as a silicone resin or a wax, and an additive component such as a silane coupling agent, 

65 though the protectiv layer that can be used is not limited to this protective layer. 
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The thickness of the protective layer is 0.01 to 0.50 urn, preferably 0.1 to 0.2 urn. Because of the 
presence of this protective layer, the surface of the magnetic layer is prevented from direct contact with a 
guide or magnetic head in a VTR. Since the smoothness of the base film surface is very exc Kent, the 
surface of the thin film of the magnetic substance is very smooth. Therefore, the lectromagn tic 
5 transformation performances of the obtained magnetic recording medium are highly improved. Moreov r, 
by dint of the protective organic compound film layer, the magnetic surface is excellent in the easily sliding 
property, and occurrence of the sticking phenomenon or formation of scratches due to the contact with a 
rotary drum head at the time of the actual running operation in a VTR can be prevented. 

Properties of magnetic tapes referred to in the instant specification are evaluated by repeating 
to recording and reproduction by using a commercially available VTR of the VHS system. 

The running characteristics (scratch resistance, easily sliding property, and durability) of the tape are 
evaluated by repeating the running operation for reproduction 500 times and examining the surface of the 
tape on the running side to check whether or not scratches are formed on the surface on the running side. 

The signal-to-noise (S/N) ratio of the tape is determined by recording a 50% white label signal at an 
is optimum recording current for the tape to be tested and comparing the ratio of the signal to the noise 
contained in a video demodulation signal at the time of reproduction with that of a commercially available 
standard tape of the VHS system as 0 dB. 

The drop-out characteristic is determined by recording a three-staged step wave signal at an optimum 
recording current on the magnetic recording tape to be tested, counting by a drop-out counter the number 
20 of drop-outs in which the attenuation quantity of the video output at the time of reproduction is larger than 
18 dB and the duration time is at least 20 microseconds, and calculating a mean value per minute. 

The present invention will now be described in detail with reference to the following examples, which 
by no means limit the scope of the invention. 



25 Example 1 . , , , . . , 

Polyethylene terephthalate substantially free of internal particles formed by reaction of the 
polymerization catalyst residue with monomers or oligomers in the polymerization stage, as the starting 
material for the layer (A), and polyethylene terephthalate containing 0.2% by weight of internal particles 
having a particle size of 1 .5 urn, which were formed by reaction of the polymerization catalyst residue with 
30 monomers or oligomers in the polymerization stage/as the starting material for the layer (B), were melted 
and co-extruded at a thickness ratio of 1/1, and the co-extrudate was drawn at a draw ratio of 2.7 in the 
longitudinal direction. Acetone was coated on the outer surface of the layer (B) and the coated surface was 
dried By this procedure the other surface of the layer (B) was etched. Then, the film was passed through a 
stenter at 90°C and drawn at a draw ratio of 3.7 in the transverse direction. Then, the film was heat-treated 
35 at 200°C to obtain a biaxially drawn polyester laminated film having a thickness of 12 urn, in which the outer 
surface of the layer (A) (hereinafter referred to as "surface A") had an Ra value of 0.003 |im at a cut-off value 
of 0 25 mm and the outer surface of the layer (B) (hereinafter referred to as "surface B") comprised 
protrusions existing within depressions or in the areas where depressions were contiguous to each other 
and had an Ra value of 0.014 urn at a cut-off value of 0.25 mm. 

A thin film of a cobalt-iron alloy having a thickness of 1,500 A was formed on the surface A of the 
polyester film by vacuum evaporation. Then, a protective film comprising an epoxy resin, a silicone resin 
and a silane coupling agent was formed at a thickness of 0.1 urn on the surface of the cobalt-iron alloy thin 
film. Then, the formed laminated film was cut in the longitudinal direction in a predetermined width to 
obtain a magnetic tape having properties shown in Table 1. 



40 



45 



Example 2 . . _ 

The procedures of Example 1 were repeated in the same manner except that an aqueous emulsion B 
comprising (A) 0.40% by weight of an epoxidized polydimethylsiloxane emulsion, (B) 0.050% by weight of 
a silane coupling agent [N - 0 - (aminoethyl) - y - aminopropylmethyldimethoxysiiane], and (C) 0.20% by 
50 weight of an alkylphenol tYP 9 non-ionic surface active agent was coated on the surface (B) of the film, 
which had been coated with acetone and then dried, and the temperature of the stenter zone was 115°C. 
The properties of this magnetic tape are shown in Table 1. 

Example 3 . , 

55 A magnetic tape having a surface formed of worm-like nodules was prepared in the same manner as 
described in Example 2 except that an aqueous emulsion B comprising (A) 0.40% by weight of an 
epoxidized polydimethylsiloxane emulsion, (B) 0.050% by weight of a silane coupling agent [N - p - 
(aminoethyl) - y - aminopropylmethyldimethoxysilane], and (C) 0.20% by weight of methyl cellulose was 
used instead of the aqueous emulsion B used in Example 2. A magnetic tape having a film of worm-like 
60 nodules was thus obtained. The properties of this magnetic tape are shown in Table 1. 

^Polyethylene terephthalate which is substantially free from internal particles resulting from th 
polymerization catalyst residue, as the starting material for the layer (A), and polyethylene terephthalate 
65 containing 0.2% by weight of internal particles -having a particle size of 1.5 urn, which were formed by 



7 



0 088 635 



reaction of polymerization catalyst residues with monomers or oligomers in the polymerization stage, as 
the starting material for the layer (B), were melted and co-extruded at a thickness ratio of 1/1, and the 
co-extrudate was drawn at a draw ratio of 3 in the longitudinal direction. Then aqueous emulsion B 
comprising (A) 0.40% by weight f an ep xidized polydimethylsiloxane emulsion, (B) 0.050% by weight of 

5 a silane coupling agent (N - p - (aminoethyl) - y - aminopropylmethyldimethoxysilane], and (C) 0.20% by 
weight of an aikyl phenol type non-ionic surface active agent was coated on the outer surface of the layer (B) 
containing internal particles. Then, the film was passed through a stenter, dried and preheated at 115°C, 
and the film was drawn in the transverse direction at a draw ratio of 3. Then, the film was heat-treated at 
200°C to obtain a biaxially drawn polyester laminated film having a thickness of 12 urn, in which the outer 

w surface of the layer (A) had a surface roughness Ra value of 0.003 urn at a cut off value of 0.25 mm and the 
outer surface of the layer (B) had a continuous covering layer composed mainly of a lubricant and having a 
surface roughness Ra value of 0.014 um at a cut-off value of 0.25 mm. 

A thin film of a cobalt-iron alloy having a thickness of 1,500 A was formed on the surface A of this film 
by vacuum evaporation. Then, a protective film layer comprising an epoxy resin, a silicone resin and a 

15 silane coupling agent was formed in a thickness of 0.1 um on the surface of the cobalt-iron alloy thin film. 
Then, the polyester film was cut in the longitudinal direction in a predetermined width to obtain a magnetic 
tape having properties shown in Table 1. 

Example 5 

20 The procedures of Example 4 were repeated in the same manner except that an aqueous emulsion 
comprising (A) 0.40% by weight of an epoxidized polydimethylsiloxane emulsion, (B) 0.050% by weight of 
a silane coupling agent [N -p - (aminoethyl) -y - aminopropylmethyldimethoxysilane], and (C) 0.20% by 
weight of methyl cellulose was used instead of the aqueous emulsion B used in Example 4. There was 
obtained a biaxially drawn polyester laminated film having a thickness of 12 um, in which the surface A had 

25 a surface roughness Ra value of 0.003 um at a cut-off value of 0.25 mm and the surface B comprised a 
surface film formed of worm-like nodules and had a surface roughness Ra value of 0.015 pat a cut-off value 
of 0.25 mm. A magnetic tape having properties shown in Table 1 was prepared from this base film in the 
same manner as described in Example 4. 

30 Comparative Example 1 

A magnetic tape was prepared in the same manner as described in Example 1 except that Si0 2 particles 
having a particle size of 3 um were incorporated in an amount of 0.02% by weight into the starting material 
for the layer (A) to obtain a film having the surface A having an Ra value of 0.010 u. The properties of the 
magnetic tape are shown in Table 1. 

35 

Comparative Example 2 

A magnetic tape was prepared in the same manner as described in Example 1 except that SiO a particles 
having a particle size of 3 um were incorporated in an amount of 0.03% by weight into the starting material 
for the layer (B) to obtain a film having the surface B having an Ra value of 0.050 pm. The properties of the 
40 magnetic tape are shown in Table 1. 

Comparative Example 3 

A magnetic tape was prepared in the same manner as described in Example 1 except that 5/6 of the 
starting material for the layer (B) was substituted by the starting material for the layer (A) to reduce the 
45 amount of internal particles in the layer (B) and obtain a film having the surface B having an Ra value of 
0.004 um. The properties of the magnetic tape are shown in Table 1. 

Comparative Example 4 

The procedures of Example 4 were repeated in the same manner except that SiO a particles having a 
50 particle size of 3 u were incorporated in an amount of 0.03% by weight into the starting polyethylene 
terephthalate containing internal particles formed by reaction of the polymerization catalyst residue with 
monomers or oligomers in the polymerization stage. There was obtained a biaxially drawn polyester 
laminated film having a thickness of 12 urn, in which the surface A had an Ra value of 0.003 um at a cut-off 
value of 0.25 mm and the surface B comprised a continuous covering layer composed mainly of a lubricant 
55 and had an Ra value of 0.050 um at a cut-off value of 0.25 mm. 

A magnetic tape was prepared from this base film in the same manner as described in Example 4. The 
properties of the magnetic tape are shown in Table 1. 

Comparative Example 5 

60 The procedures of Example 4 were repeated in the same manner except that 5/6 of the starting 
polyethylene terephthalate containing internal particles formed by reaction of the polymerization catalyst 
residue with monomers or oligomers in the polymerization stage was replaced by polyethylene 
terephthalate substantially free of the internal particles to reduce the amount of the internal particles. There 
was obtained a biaxially drawn polyester laminated film having a thickness of 12 urn, in which the surfac A 

65 had an Ra value of 0.003 um at a cut-off value of 0:25 mm and the surface B comprised a continuous 
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covering layer composed mainly of a lubricant and had an Ra value of 0.004 um at a cut-off value of 0.25 
mm. 

A magnetic tape was prepared from this base film in the same manner as described in Example 4. The 
properties of the magnetic tape are shown in Table 1. 

TABLE 1 



Surface structure of Magnetic 
base film characteristics 
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Surface 
roughness 
Ra (urn) of 

layer (A) 


Surface 
roughness 
Ra (um) of 

layer (B) 


Running property 
of non-magnetic 
surface (scratch 
resistance) 


b/iN Katio 
(dB) 


Number of 
drop-outs 
per minute 


15 


Example 1 


0.003 


0.014 


B . 


+13 


20 




Example 2 


0.003 


0.014 


B— A # 


+13 


20 


20 


Example 3 


0.003 


0.015 


B — A 


+13 


20 




Example 4 


0.003 


0.014 


B 


+13 


20 


25 


Example 5 


0.003 


0.015 


A 


+13 


20 


Comparative Example 1 


0.010 


0.014 


B 


-6 


250 




Comparative Example 2 


0.003 


0.050 


A 


-5 


40 


30 


Comparative Example 3 


0.003 


0.004 


C 


+ 13 


180 




Comparative Example 4 


0.003 


0.050 


A 


-5 


40 




Comparative Example 5 


0.003 


0.004 


C 


+10 


180 



Note 

The scratch resistance was evaluated according to the following rating. 
A: no scratches observed 
40 B: slight formation of very small scratches observed 
C: prominent formation of scratches observed. 

As is apparent from the results shown in Table 1, in a magnetic recording medium obtained by forming 
a thin film of a ferromagnetic substance on the surface A of the laminated film of the present invention 
comprising a layer (A) of a thermoplastic resin and a layer (B) of a fine particle-containing thermoplastic 

45 resin, in which the outer surface A of the layer (A) is a smooth surface having a surface roughness, 
expressed as the Ra value at a cut-off value of 0.25 mm, of less than 0.005 um and the outer surface B of the 
layer (B) is an ordinary protrusion type surface having a covering lubricant layer formed thereon or a 
surface having a plurality of depressions and a plurality of protrusions, which are formed in a configuration 
such that at least one protrusion exists within each depression or at least one protrusion exists in the area 

so where two or more depressions are contiguous to each other, the surface having a surface smoothness, 
expressed as the Ra value at a cut-off value of 0.25 mm, of 0.005 to 0.040 um, a covering lubricant layer 
being optionally formed on the surface, and forming a protective organic compound layer on the thin film 
of the ferromagnetic substance, a good running property is attained at the actual operation, and the 
electromagnetic transformation performances are very excellent. Accordingly, this magnetic tape is very 

55 suitable as a video tape for a small VTR or portable VTR. When a covering layer composed mainly of a 
lubricant is formed on the surface B of the layer (B) and this laminated film is used for a magnetic recording 
medium, the running property of the non-magnetic surface is further improved. 

Claims 

60 

1. A laminated film comprising (A) a layer composed of a thermoplastic resin and (B) a layer of a 
thermoplastic resin containing fine particles therein, characterised in that the surface roughness, expressed 
as the Ra value, of the outer surface of the layer (A) is smaller than 0.005 um, and the outer surface of the 
layer (B) is either 
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i) a surfac having a surface roughness, expressed as th Ra value, of 0.005 to 0.04 u.m, and having a 
plurality of depressions and a plurality of protrusions which ar formed in a configuration such that at 
least one protrusion exists within each depression or at least one protrusion exists in the area where two 
or more depressions are contiguous to each other, or 
5 ii) a surface having protrusions formed on a flat plane, and whose surface is covered with a layer (C) 
composed of a lubricant and having a surface roughness, expressed as the Ra value, of 0.005 to 0.04 urn. 

2. A laminated film as set forth in claim 1, wherein the covering layer (C) is a continuous film layer 
comprising a silicone resin, at least one surface active agent selected from anionic, cationic and non-ionic 

io surface active agents and a silane coupling agent. 

3. A laminated film as set forth in claim 1, wherein the covering layer (C) is a discontinuous film layer 
formed of worm-like nodules, which comprises a silicone resin, a silane coupling agent, and a 
water-soluble polymer. 

4. A laminated film as set forth in any of claims 1, 2, and 3, wherein the thermoplastic resin of at least 
is one of layers (A) and (B) is a polyester. 

5. A laminated film as set forth in claim 2 or 3, wherein the silicone resin is a compound which is 
represented by the following general formula: 

Ri 

20 I 

-fSi-O-fe 

I 

R a 

25 wherein Rt stands for CH 3 , C 6 H S , or H, R 2 stands for CH 3 , C a H s , H, an epoxy group, an amino group, or a 
hydroxyl group, and n is number of from 100 to 7,000, and has functional terminal groups selected from 
epoxy, amino, and hydroxyl groups at the ends thereof. 

6. A laminated film as set forth in any of claims 2, 3, and 5, wherein the silane coupling agent is a mono- 
or di-organoalkoxysilane. 

30 7. A laminated film as set forth in claim 2, wherein the HLB value of the surface active agent is in the 
range of from 5 to 50. 

8. A laminated film as set forth in claim 3, wherein the water-soluble polymer is at least one polymer 
selected from the group consisting of polyvinyl alcohol, tragacanth gum, gum arabic, casein, gelatin, 
methyl cellulose, hydroxyethyl cellulose, and carboxymethyl cellulose. 
35 9. A laminated film as set forth in claim 1 , wherein each of the thermoplastic resin layers (A) and (B) is a 
biaxially oriented polyester film. 

1 0. A laminated film as set forth in any of claims 1 to 9, which further comprises a ferromagnetic metal 
thin film formed on the outer surface of the layer {A). 

4o Patentanspruche 

1. Verbundfolie mit (A) einer Schicht, die aus einem thermoplastischen Harz besteht, und (B) einer 
Schicht aus einem thermoplastischen Harz, in dem feine Teilchen enthalten sind, dadurch gekennzeichnet, 
dafc die als Ra-Wert ausgedruckte Oberflachenrauhigkeit der auBeren Oberflache der Schicht (A) kleiner als 

45 o,005 Mm ist und daft die auBere Oberflache der Schicht (B) entweder 

i) eine Oberflache mit einer als Ra-Wert ausgedruckten Oberflachenrauhigkeit von 0,005 bis 0,04 um ist 
und eine Vielzahl von Vertiefungen und eine Vielzahl von Vorsprungen aufweist, die in einer derartigen 
Anordnung gebildet sind, daft tnnerhalb jeder Ve'rtiefung mindestens ein Vorsprung vorhanden ist oder 

50 in dem Bereich, wo zwei oder mehr Vertiefungen einander beriihren, mindestens ein Vorsprung 
vorhanden ist, oder 

ii) eine Oberflache ist, die auf einer ebenen Flache gebiidete Vorsprunge aufweist und deren Oberflache mit 
einer Schicht (C) bedeckt ist, die aus einem Schmiermittel besteht und eine als Ra-Wert ausgedruckte 
Oberflachenrauhigkeit von 0,005 bis 0,04 [xm hat 

55 

2. Verbundfolie nach Anspruch 1, bei der die Deckschicht (C) eine ununterbrochene dunne Schicht ist, 
die ein Siliconharz, mindestens ein oberflachenaktives Mittel, das aus anionischen, kationischen und 
nichtionogenen oberflachenaktiven Mrtteln ausgewahlt ist, und ein Silan-Haftmittel enthSlt. 

3. Verbundfolie nach Anspruch 1, bei der die Deckschicht (C) eine unterbrochene, aus wurmformigen 
60 Knotchen gebiidete dunne Schicht ist, die ein Siliconharz, ein Silan-Haftmittel und ein wasserlosliches 

Polymer enthalt. 

4. Verbundfolie nach einem der Anspruche 1, 2 und 3, bei der das thermopiastische Harz von 
mindestens einer der Schichten (A) und (B) ein Polyester ist. 

5. Verbundfolie nach Anspruch 2 oder 3, bei der das Siliconharz eine Verbindung ist, die durch die 
65 folgend allgemeine Formel wiedergegeben" wird: 
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R, 

I 

I 

5 

worin CH 3/ C 6 H 5 Oder H bedeutet, R 2 CH 3 , C 6 H 5 , H, eine Epoxygruppe, eine Aminogruppe oder eine 
Hydroxy Igruppe bedeutet und n eine Zahl von 100 bis 7000 ist, und an ihren Enden funktionelle 
Endgruppen hat, die aus Epoxy-, Amino- und Hydroxylgruppen ausgewahlt sind. 
jo 6. Verbundfolie nach einem der Anspruche 2, 3 und 5, bei der das Silan-Haftmittel ein Mono- oder 
Diorganoalkoxysilan ist 

" 7. Verbundfolie nach Anspruch 2, bei der der HLB-Wert des oberflachenaktiven Mittels in dem Bereich 
von 5 bis 50 liegt. 

8. Verbundfolie nach Anspruch 3, bei der das wasserlosliche Polymer mindestens ein aus der Gruppe, 
is die aus Polyvinylalkohol, Tragantgummi, Gummiarabicum, Casein, Gelatine, Methyl cellulose, 

Hydroxyethylcellulose und Carboxymethylcellulose besteht, ausgewahltes Polymer ist. 

9. Verbundfolie nach Anspruch 1, bei der jede der Schichten (A) und (B) aus thermoplastischem Harz 
eine biaxial orientierte Polyesterfolie ist. 

10. Verbundfolie nach einem der Anspruche 1 bis 9, die ferner eine auf der SuSeren Oberflache der 
20 Schicht (A) gebildete diinne Schicht aus ferromagnetischem Metall aufweist. 



Revendications 

1. Rim laming comprenant (A) une couche constitute d'une resine thermoplastique et (B) une couche 
d'une resine thermoplastique renfermant des particules fines, caracttrise en ce que la rugosite 
superficielle, exprjmee par la valeur Ra, de la surface extirieure de la couche (A) est inftrieure a 0,005 \im, 
et ta surface exterieure de la couche (B) est soit: 

i) une surface ayant une rugosite superficielle, exprimee par la valeur Ra, de 0,005 a 0,04 urn, et presentant 
une multitude de creux et une multitude de saillies qui sont formes dans une configuration telle qu'au 
moins une saillie existe a I'interieur de chaque creux ou au moins une saillie existe dans la zone ou deux 
ou plusieurs creux sont contigus les uns aux autres, ou 

ii) une surface ayant des saillies formers sur un plan plat, et dont la surface est recouverte d'une couche (C) 
compost d'un lubrifiant et ayant une rugosite superficielle, exprimte par la valeur Ra, de 0,005 a 0,04 
urn. 

2. Film lamine selon la revendication 1, caracterise en ce que la couche de couverture (C) est une 
couche d'un film continu comprenant une resine de silicone, au moins un agent tensio-actif choisi parmi les 
agents tensio-actifs anioniques, cationiques et non-ioniques et un agent de couplage au silane. 

3. Rim lamine selon la revendication 1, caracterise en ce que la couche de couverture (C) est une 
couche d'un film discontinu constitut de nodules vermiformes, qui comprend une resine de silicone, un 
agent de couplage au silane, et un polymere soluble dans I'eau. 

4. Film lamint selon I'une quelconque des revendications 1, 2 et 3, caracterist en ce que la resine 
4$ thermoplastique d'au moins I'une des couches (A) et (B) est un polyester. 

5. Film lamine selon la revendication 2 ou Ea revendication 3, caracttrist en ce que fa rtsine de silicone 
est un compost qui rtpond a la formule generale: 

Ri 

50 | 

-(-Si-0-»H 

I 

R 2 

55 dans laquelle R, est CH 3 , C 6 H 5 , ou H, R 2 est CH 3 , C 6 H 5 , H, un groupe epoxy, un groupe amino, ou un groupe 
hydroxyle, et n est un nombre compris entre 100 et 7 000, et comporte des groupes terminaux fonctionnels 
choisis parmi les groupes 6poxy, amino, et hydroxyle a ses extrtmites. 

6. Rim lamine selon I'une quelconque des revendications 2, 3 et 5, caracttrise en ce que I'agent de 
couplage au silane est un mono- ou di-organoalkoxysilane. 

60 7. Film lamine selon la revendication 2, caracterise en ce que la valeur HLB de I'agent tensio-actif est 
comprise dans la gamme allant de 5 a 50. 

8. Film lamint selon la revendication 3, caracterise en ce que le polymere soluble dans I'eau est au 
moins un polymere choisi dans le groupe constitue de I'alcool polyvinylique, de (a gomme adragante, de la 
gomme arabique, de la caseine, de la gelatine, du methylcellulose, de I'hydroxyethylcellulose, et du 

55 carboxymethylcellulose. - 
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9. Film Iamin6 selon la revendication 1, caract^rise en ce que chacune des couches (A) et (B) de resine 
thermoplastique est un film de polyester rient' biaxialement. 

10. Film lamine selon Tune quelconque des revendications 1 a 9, qui comprend en outr un fin film en 
metal ferromagnetique qui st forme sur la surface ext6rieure de la couche (A). 
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Fig. I 



Fig. 2 




1 



0 088 63S 



2 ,3 ,4 



Fig. 3 A 




Fig.ZB 
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Fig. 7 



